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Abstract: RAPD molecular markers and phenotypic growth traits were joined using different genotypes of Larix decidua (Mill.) to
analyze genetic variation. Individual samples of vegetative clones were analyzed from Baciu orchard (obtained through a breeding
program from regional stands from Romania) and pooled samples from places of origin (regional stands). Based on coefficients of
variation for tree height, diameter, and volume, the greatest genetic variation in the orchard was observed at the Gura Humorului and
Anina provenances (24.4%, 27.5%, and 14.4% for Gura Humorului and 26.9%, 29.46%, and 15.5% for Anina). In addition, the trees
whose origins are Gura Humorului and Anina form the thickest branches. In stands from origin areas, the best performances of growth
trait in height were scored in the Valea Popii (33.5 m) and Anina (33.1 m) populations. Stands from Valea Cetatii and Sacele recorded
the smallest diameters. Both in orchards and in regional stands the trees with the greatest vigor were those from Gura Humorului and
Anina and large variability was noted, which allows efficient selection in order to identify superior trees useful for larch breeding. RAPD
analysis illustrated the genetic differences among the larch proveniences and some provenances represented distinct genetic entities,
recognizable at the molecular level. The dendrogram indicates the diversity of the genotypes divided into seven groups as were the
collection sites. Polled samples of DNA proved to be a valuable tool for determining the phylogenetic relationships in larch provenances.
Thus, most populations from regional stands are grouped in the same branch (group) with clones from orchard. The correlation between
genetic distance and geographical distance was not significant, with a correlation coefficient of 0.035. In addition, a slight decrease was
observed in genetic distance with increase in geographical distance between genotypes.
Key words: Dendrogram, growth trait, Larix, pooled DNA sample, variability

1. Introduction
The genus Larix belongs to the family Pinaceae, with ten
species of Larix, considered to be useful pioneer plants for
the re-forestation of low and high areas (Paques, 1999).
The family Pinaceae is the largest (more than 230
species) and most important family of conifers from an
economic point of view (Price, 1993; Chaw et al., 1997;
Stefanovic et al., 1998; Gugerli et al., 2001). The Norway
spruce [Picea abies L. (Karst)] and silver fir (Abies alba
Mill.) are among the most important tree species in Europe
(Curtu et al., 2009), but the larch (Larix decidua) is also an
important tree species for European wood economy (Leng
et al., 2008) because of its high quality (Nawrot et al., 2009),
high rate of growth (Wang et al., 2006), great productivity
(Lukkarinen et al., 2010), and valuable ornamental traits
(Nagaike et al., 2010).
Larch species are prominent components of the boreal
forest. They are widely distributed across Eurasia and
constitute 40% of its forests (Li et al., 2007). Relationships
among Eurasian Larix species and their classification are
still controversial (Khatab et al., 2008). In Europe, Larix
* Correspondence: adriana.sestras@usamvcluj.ro
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decidua (European larch) has a scattered natural area
and is present in four geographic zones (Alps, Sudetan
Mountains, Carpathians, and Central Poland), where local
European larch have sometimes the status of subspecies or
varieties (Biswas and Mohri, 1997). In Romania, the larch
has a natural range, being gathered into 5 genetic centers:
Ceahlau Mountains (1400–1450 m altitude), Ciucas
(1000–1450 m), Bucegi (1200–1500 m), Lotru Mountains
(670–1900 m with a maximum range in this area), and
Apuseni Mountains (600–1200 m), and in many other
plantations more than 200,000 cultivated ha (Mihai and
Teodosiu, 2009). The origin of seed is mostly unknown,
but probably in the old plantation the seed has Austrian
origin.
Larch breeding objectives include growth, stem
form (crookedness), branching, and resistance to larch
canker. There is ongoing research for traits such as
heartwood formation and quality (Plomion et al., 2001).
Larch heartwood is appreciated for its good mechanical
properties, its color, and its texture, and it is often used
outdoors for its natural durability (Gierlinger et al., 2004).
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Genetic improvements in larch have been mainly
based on the establishment of seed stands, breeding,
and propagation using cuttings (Larionova et al., 2004;
Oreshkova et al., 2006). More recent studies have
examined genetic diversity, linkage mapping, paternity
analysis, and gene flow using molecular markers that have
become popular, such as random amplified polymorphic
DNA (RAPD) and inter-simple sequence repeats (ISSR)
(Bucci et al., 1997; Goto et al., 1998; Shahraji et al., 2009)
or amplified fragment length polymorphism (AFLP)
(Arcade et al., 2000) and restriction fragment length
polymorphisms (RFLPs) of mitochondrial DNA (mtDNA)
(San Jose-Maldia et al., 2009).
In order to prevent the dramatic reduction of forest
areas due to intensive timber-harvesting operations and
pests, the development of measures aimed at the gene
pool and species diversity preservation is necessary. Larch
conservation requires more knowledge on the genetic
structures and variation of populations and species.
The present study used large and individual samples to
reflect the genetic resources accurately and objectively with
the aim to study the genetic variability in order to apply an

efficient selection of the most valuable trees in larch stands.
Another goal of the current research was to analyze the
level of polymorphism and genetic relationships by means
of RAPD molecular technique of pooled samples and of
individual samples adding more data on genetic variation
in Larix decidua.
2. Materials and methods
2.1. The biological material
In the present study the biological material was represented
by vegetative clones of Larix decidua and by different
stands from which clones were obtained. The clones were
obtained through a breeding program by selection from
different Romanian geographic area, natural, or artificial
populations (Figure 1): Gura Humorului (258 trees), Valea
Cetatii (180 trees), Sacele (72 trees), Valea Popii (125
trees), Sinaia (112 trees) (located in northern Romania),
Anina (109 trees), and Latorita (109 trees) (located in
southern Romania). Plus trees, from which scions were
collected, were identified in these populations of origin
(provenances). The vegetative cuttings were grafted onto
the same larch seedling rootstock, obtaining clones that

Figure 1. Origin of larch clones from different Romanian populations.
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represent the biological materials used in this study, which
were planted in Baciu seed orchard in 1975. The plantation
(Baciu orchard) is situated at 46°8ʹ N and 23°52ʹ E and at
average altitude of 357 m a.s.l. (Table 1). The following
general climatic conditions were recorded throughout the
present study: temperatures that ranged between –2.1 and
20.5 °C, relative air humidity between 46.8% and 96.1%,
and the longest duration of sunshine recorded in the
month of July.
2.2. Phenotypic variation
Fifty trees from each provenance, both in Baciu orchard
and in regional stands, were studied, regarding the
phenotypic evaluation.
Measurements and determinations of the seven
vegetative clones from Baciu orchard were performed on
multiple items especially regarding timber productivity.
To study the variability, the following characters were
considered relevant: tree height (m), diameter at 1.30 m
(in cm), the angle of insertion of branches (degrees), the
thickness of the branches (cm), and the volume of the tree
(m3) (McComb, 1955; Carter et al., 1990; Kang, 1991; Li et
al., 1992; Shearer, 2008).
In the origin stands, because the trees are older, more
than 30 m high, the measurements of some characters that
were made in Baciu orchard failed. Characters that were
measured in the areas of origin were tree height (m) and
diameter at 1.30 m (in cm).
2.3. Genetic variation of pooled samples
The method supposed firstly to select the extreme forms,
in this case of elite trees, both in regional stands and in
Baciu orchard. DNA from 10 trees belonging to each area
(7 areas in total) was extracted, mixed, and amplified. Pool

samples were performed based on the studies by Schlötterer
et al. (2014); Kraft and Säll (1999), Yu and Pauls (1993),
Sweeney and Danneberger (1994), and Kongkiatngam et
al. (1996). In addition, DNA from each clone from Baciu
orchard was extracted and amplified.
DNA extraction was carried out on each individual
sample, using a protocol elaborated by Lodhi et al. (1994).
Equal amounts of the individual DNA samples were mixed
together to get a pooled DNA sample (Schlötterer et al.,
2014).
Ampliﬁcation of RAPD fragments from genomic
DNA was carried out in a total reaction volume of 25 μL
containing 2 μL of genomic DNA, 5 μL of buffer, 3 μL of
MgCl2, 0.5 μL of dNTP, 1.6 μL of decamer primer, and 0.2
μL of Taq DNA polymerase. Each reaction was overlaid
with sterile water. Ampliﬁcations were performed in a
programmed thermocycler for 49 cycles of 40 s at 90 °C
(denaturation), 70 s at 48 °C (fixation), 120 s at 72 °C
(elongation), and 4 °C for long-term keeping.
For agarose gel electrophoresis of DNA, amplification
products were separated on 1.5% agarose TAE gels run
at 60 V/cm for 2 h. The gels were stained with ethidium
bromide (0.5 µg/μL) and photographed under UV
light. The RAPD was performed on all samples with 15
decameric primers and in addition the reproducibility of
RAPD data was double tested.
2.4. Statistical analyses
The data were processed as mean values, calculating the
variability of the analyzed traits. In this way, a statistical
analysis of variation was performed (ANOVA), using the t
test, considering the mean of experience as control.

Table 1. The geographic coordinates of the studied sites.
Baciu orchard
Geographical coordinates

Forest direction

Area
(ha)

Altitude (m)

Lat. N

Long. E

Cluj-Napoca

8.5

357

46°80′

23°52′

Trees ages (years)
34

Origin areas

84

Gura Humorului

9.6

520–570

47°33′

25°53′

125

Valea Cetatii

4.8

800

45°21′

25°36′

100

Sacele

5.0

870–940

45°37′

25°42′

85

Valea Popii

6.4

670–700

45°30ʹ

25°30ʹ

100

Sinaia

3.0

750

45°10ʹ

25°40ʹ

90

Anina

1.8

680–710

45°50′

21°51′

120

Latorita

7.8

1000–1200

45°12ʹ

23°55ʹ

100
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3.2. Phenotypic variation of larch population
Differences statistically assured for the studied characters
between tested localities were obtained (Table 2). The best
performances regarding tree height were obtained at Valea
Popii (33.5 m) and Anina (33.1 m). The largest increases in
diameter were noted in trees that had achieved the greatest
increases in height. The obtained data show that trees
with the greatest vigor in diameter and height are those
of Anina, Valea Popii, and Gura Humor both in Baciu
orchard and in stands from origin places.

The variability of the analyzed peculiarities in the
experience was noted based on the coefficients of
variability. Moreover, based on these coefficients (CV
< 10%: low variability; 10% < CV < 20%: medium
variability; CV > 20%: high variability) the uniformity of
the traits considered in the study was assessed for all the
provenances.
The total number of binary RAPD character data was
scored using the presence/absence of the bands (Abdulla
and Gamal, 2010). The program FreeTree (Hampl et al.,
2001) was used for the construction of a phylogenetic tree
and for the bootstrap analysis (Jaccard distances; UPGMA
clustering-construction method; 401 resample datasets).
To analyze the correlation between geographical distances
and genetic distances the Mantel test was applied (1967).

3.3. Molecular variation
Of the 15 decameric primers used for amplification, only
five primers generated polymorphic bands: OPAL-20,
OPC-15, OPA-03, OPAB 11, and OPA-18 (Table 3), but
also Scheepers et al. (1999) used four primers in order
to identify the different larch species (Larix decidua and
Larix kaempferi) and their interspecific hybrid (Larix ×
eurolepis) and showed that RAPD primers are a reliable,
quick, and cheap tool for the identification of different
larch species. Primers OPA-01 (CAGGCCCTTC), OPB10 (CTGCTGGGAC), OPB-4 (GGACTGGAGT) OPB-7
(GGTGACGCAG) OPC-10 (TGTCTGGGTG), OPC-20
(ACTTCGCCAC), OPC-8 (TGGACCGGTG), OPH-20
(GGGAGACATC), OPAB-18 (CTGGCGTGTC), and
OPH-10 (CCTACGTCAG) did not produce polymorphic
loci at all.
Of the 401 loci, 40 loci were polymorphic and 361
monomorphic with an index of 9.9% polymorphism
(Table 3).

3. Results
3.1. Phenotypic variation of larch clones
The trees height had different values in the larch
provenances studied, yielding the amplitude of variation
between 9.4 m and 14.4 m (Table 2). Gura Humorului
and Anina clones showed higher values compared to the
mean of experiment considered as control (Table 2). The
diameter at 1.30 m, an important trait in trees, presented
different amplitude of variation within the range 21.3 cm
(Sinaia, showing small growth vigor) and 27.2 cm (Gura
Humorului, showing large growth vigor). The thickest
branches presented the clones from Gura Humorului and
from Anina.

Table 2. The main phenotypic peculiarities of clones and populations of Larix decidua.
Larch clones
Origin (place,
provenance)

Larch populations

Tree height
(m)

Tree diameter
(cm)

Angle of insertion
(degrees)

Branches diameter
(cm)

Tree volume
(m3)

Tree height (m)

Tree diameter (cm)

x̅ ± S x̅

CV%

x̅ ± S x̅

CV%

x̅ ± S x̅

CV%

x̅ ± S x̅

CV%

x̅ ± S x̅

CV%

x̅ ± S x̅

CV%

x̅ ± S x̅

CV%

Gura Humorului

14.3 ± 0.5**

24.4

27.2 ± 0.6**

27.5

85.3 ± 0.8

5.3

5.6 ± 0.2***

15.1

14.2 ± 0.3**

14.4

31.2 ± 0.4

7.1

53.5 ± 0.7**

13.7

Valea Cetatii

13.1 ± 0.6

27.6

25.6 ± 0.7

33.7

84.7 ± 0.9

6.0

4.1 ± 0.2ooo

28.9

13.4 ± 0.4

17.7

31.6 ± 0.4

7.9

46.1 ± 1.0oo

18.1

Sacele

11.0 ± 0.6

25.3

23.2 ± 0.8

35.1

87.3 ± 0.6

3.6

4.8 ± 0.2

24.4

12.2 ± 0.4

18.4

30.3 ± 0.3o

6.1

46.5 ± 1.1oo

19.6

Valea Popii

10.3 ± 0.4o

16.0

22.0 ± 0.5o

21.5

86.7 ± 0.6

4.1

4.5 ± 0.2

19.7

11.5 ± 0.2o

11.3

33.5 ± 0.4** 7.1

53.0 ± 0.7*

12.5

Sinaia

11.6 ± 0.5

21.4

21.3 ± 0.6

27.6

86.3 ± 0.8

5.0

5.1 ± 0.2*

16.8

11.2 ± 0.3

14.5

30.7 ± 0.4

51.1 ± 0.6

11.0

Anina

14.4 ± 0.6**

26.9

25.4 ± 0.7

29.6

86.0 ± 0.6

3.9

5.6 ± 0.2***

17.2

13.3 ± 0.3

15.5

33.1 ± 0.4** 6.5

53.7 ± 0.5**

9.2

Latorita

9.4 ± 0.3ooo

14.5

23.5 ± 0.8

35.9

86.7 ± 0.6

4.1

3.8 ± 0.2 ooo

24.8

12.3 ± 0.4

18.8

30.1 ± 0.4o

6.7

50.2 ± 0.6

10.8

Mean of
experiment
(control)

12.0 ± 0.5

22.3

24.0 ± 0.7

30.1

86.1 ± 0.7

4.6

4.8 ± 0.2

21.0

12.6 ± 0.3

15.8

31.5 ± 0.4

6.9

50.6 ± 0.8

13.5

oo

oo

7.1

x– = mean of studied trait < S x– = standard deviation relative to the observed mean; CV% = coefficient of variability; *, **, ***/ o, oo, ooo Significant at P < 0.05, 0.01 and 0.001 (* indicates positive, and
indicates negative).

o
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Table 3. The primers used for RAPD analyses and the results of amplification.
Nr.
crt.

Primer

Nuclotidic sequence

Total number of amplified
bands

Number of polymorphic amplified
bands

1.

OPAL-20

AGG AGT CGG A

69

7

2.

OPC-15

GAC GGA TCA G

95

9

3.

OPA-03

AGT CAG CCA C

97

11

4.

OPAB-11

GTG CGC AAT G

71

7

5.

OPA-18

AGG TGA CCG T

69

6

401

40

Total
Note: “–” means the absence of amplified products.

Primer OPAL-20 (Figure 2) generated a maximum
of seven loci. In all the samples four major loci were
observed at the same level in pooled samples or in samples
from origin areas (denoted with “a” and in Baciu orchard,
marked with “b”).
Primer
OPC-15
revealed
9
bands/sample;
polymorphism is more obvious than that with the primer
OPAL-20. The highest number of loci was recorded in the
Sinaia sample. OPA-03 primer generated a maximum of
11 loci/sample; polymorphism generated by this primer is
quite enlightening.
3.4. Genetic relationships between larch populations and
larch clones
The cluster (Figure 3) calculated from RAPD data is a
precise representation of the relationships among the
studied larch populations from origin stands and larch
clones from Baciu orchard. The samples separated by the
smallest genetic distances on the cluster are classified as
closely related, whereas the samples separated by greater
genetic distances are classified as remotely related.
The cluster indicates a uniform diversity divided
between populations and larch clones from Baciu orchard,
designated by letters “a” – populations from origin areas
and “b” – clones from Baciu orchard. It should be noted
that in the cluster most of the origin areas are grouped
on the same branch with the Baciu provenance, except in
two cases, Valea Cetatii and Sacele, located on different
branches but closely related.
Regarding the regression equation (Figure 4) and the
coefficient of determination (R = 0.035) there is not a
positive correlation between provenances influenced by
geographical distances.
4. Discussion
The larch provenances Gura Humorului and Anina
presented a notable height–diameter relationship. The
largest increases in diameter were noted in trees that had
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achieved the highest increases in height. The height–
diameter relationship allows efficient evaluation of stands
in the field and it represents a measure of productivity
(Vanclay, 1992). The height and the diameter of larch trees
are closely related with the rate and duration of shoot
elongation (Farmer et al., 1993), crown volume (Xu, 1992),
tree age (Reinhardt, 1983), and properties of clear wood
and veneer (Hunag et al., 2012).
The larch provenances Gura Humorului and Anina
recorded remarkable values of all the studied productivity
items. These provenances can be successfully recommended
for breeding in order to obtain high productivity and can
be considered relevant genetic resources.
The current climate change (Kramer, 1994, 1995a,
1995b; Hänninen, 1997; Persson and Beuker, 1997; Kramer
et al., 2000; Chuine et al., 2001; Cleland et al., 2007) required
a precisely inventory of natural geographic resources. For
example, the biggest damage in the Carpathian forests
has been found in coniferous trees as compared with
deciduous ones. The Carpathian forests for some decades
have been under the influence of air pollutants transported
by westerly winds from urban-industrial centers in
Austria, Germany, the Czech Republic, Poland, Slovakia,
and Hungary (Bruchwald and Zasada, 2010). Therefore,
larch clones such as Anina and Gura Humorului can be
recommended for different reforestation programs in the
Carpathian Mountains.
In addition, these larch clone provenances present
medium to large variability of almost all measured
characters (except the insertion angle of branches). High
variability means efficient selection and promising genetic
gains (Paques et al., 2010). The large genetic variation
in a wide range of characteristics, including form,
growth, and wood properties, provides opportunities for
genetic improvement for larch species and hybrids (Li
and Wyckoff, 1994). Furthermore, Arcade et al. (1996)
reported significant values for growth characters in a
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Figure 2. Random amplified polymorphic DNA amplification results of representative DNA samples using OPAL-20, OPC-15,
OPA-03, OPAB-11, and OPA-18 primers. Note: ‘VC’-Valea Cetatii, ‘A’-Anina, ‘L’-Latorita, ‘GH’-Gura Humorului, ‘Si’-Sinaia,
‘Sa’- Sacele, ‘VP’-Valea Popii, a – pooled samples from stands of origin areas (regional stands); b – clones from Baciu orchard.

factorial mating design using 12 European larches (Larix
decidua) and 12 Japanese larches (L. kaempferi) like
parents. Pazdrowski (2007) showed a distinct correlation
between tree height and the volume and proportion of
sapwood and heartwood in the tree stems.
The larch populations from which scions were collected
presented medium to large variability of the evaluated
characters. In this respect Gura Humorului and Anina
provenances show a value of coefficient of variation of
13.7% and 9.2%, respectively, for tree diameter, a trait with
special importance. Deng et al. (2010) showed a distinct
correlation between tree diameter, volume, and wood
density of 17-year-old hybrid larch.

In terms of tree breeding the results are encouraging
because the selection of seed sources may be based on
growth characters that have high genetic control and
movement of forest reproductive material can be done
without risk (Mihai and Teodosiu, 2009).
The efficiency of molecular markers in plant diversity
analysis is well known, and this was the reason why the
present study checked the phylogenetic relationships of
larch genotypes represented by different populations from
the country and clones from Baciu stands.
The number of polymorphic loci/primer (8 bands)
obtained is quite small, compared with other studies.
Levina et al. (2008) obtained a total of 36 bands/primer
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Figure 3. Dendrogram of Larix decidua based on RAPD markers, by UPGMA clustering and on the
genetic similarities of Jaccard. For abbreviations see legend of Figure 2.

Figure 4. Regression equation between Nei’s genetic distances and geographical distances among the analyzed populations (Mantel
test).
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using 12 random primers in different larch populations.
On the other hand, the number of RAPD loci obtained is
satisfactory (401), compared with Kozyrenko et al. (2004),
who obtained 457 RAPD loci using 17 random primers in
six larch populations.
RAPD analysis fairly illustrated the genetic differences
among the Larix decidua proveniences. It can be admitted
that some provenances represent distinct genetic entities,
recognizable at the molecular level. Using RAPD markers
with pool samples may be adequate for identifying
genotypes in some instances, but may not accurately
reflect the variation among or within genotypes (Sweeney
and Danneberger, 1994). The genetic variation among
populations is small and maybe within populations the
gene diversity is higher; however, further studies are
necessary with this approach using other marker methods
to obtain information on DNA variability. In different
forestry tree populations Zhang et al. (2013), Lee et al.
(2002), and Wang and Gao (2009) illustrated that the
high level of genetic diversity is distributed mainly within,
rather than between, populations.
As we expected, the genetic cluster results showed
uniform diversity between populations and larch clones.
The samples separated by the smallest genetic distances
on the cluster are classified as closely related, whereas the
samples separated by greater genetic distances are classified
as remotely related. The cluster was divided into 7 major
groups just as it was actually the studied material and most
of the larch populations from origin areas were grouped
on the same branch with larch clones, except for two cases,
Valea Cetatii and Sacele, located on different branches
but closely related. This exception may be explained by
different representation of individuals in the pool sample
(errors from pipetting or DNA quantification). In order to
avoid different representation of individuals in the pool,
large sample sizes should be used (Schlötterer et al., 2014).
Another explanation may be that seeds from Valea Cetatii
and Sacele had a common origin, probably Austrian.

Larch clones mainly group with populations from
which they originated, because the studied species were
vegetatively propagated. The results of amplification of
a single individual (clones from Baciu orchard) from a
homogeneous population are expected to be identical to
those of a pooled sample (larch population from origin
areas) of the identical individuals.
Regarding the regression equation and the coefficient
of determination (R = 0.035) there is a lack of correlation
between genetic distance and geographical distance of all
the analyzed provenances. Moreover, a slight decrease in
genetic distance with increasing geographical distance
between provenances can be observed. In contradiction
with this, Zhang et al. (2013) noted correlation between
genetic distance and geographic distance using RAPD and
ISSR analyses in 15 individual samples of Larix gmelinii.
In addition, Oreshkova et al. (2013) found a significant
correlation of the genetic distances with the geographic
distances between Siberian larch, Gmelin larch, and
Cajander larch populations based on SSR-marker data.
On the other hand, studies regarding the European larch
(Larix decidua) based on levels and patterns of allozyme
variation proved that there was no statistically significant
relationship between genetic and geographic distance
(Lewandowski and Mejnartowicz, 1991). Therefore,
further studies are necessary using several marker methods
to obtain information on DNA variability.
In conclusion, the present study underlines that larch
trees from Gura Humorului and Anina had the greatest
vigor, both in Baciu orchard and in places of origin in
the country. In addition, there is large variability to allow
efficient selection in order to identify superior trees that
facilitate obtaining important breeding gains. The wide
phenotypic diversity found in this study was completed
with large polymorphism at molecular levels, which means
that the populations studied could be considered a source
of germplasm for the gene pool.
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